Diseases of failed inflammation resolution are common and largely incurable. Therapeutic induction of inflammation resolution is an attractive strategy to bring about healing without increasing susceptibility to infection. However, therapeutic targeting of inflammation resolution has been hampered by a lack of understanding of the underlying molecular controls. To address this drug development challenge, we developed an in vivo screen for proresolution therapeutics in a transgenic zebrafish model. Inflammation induced by sterile tissue injury was assessed for accelerated resolution in the presence of a library of known compounds. Of the molecules with proresolution activity, tanshinone IIA, derived from a Chinese medicinal herb, potently induced inflammation resolution in vivo both by induction of neutrophil apoptosis and by promoting reverse migration of neutrophils. Tanshinone IIA blocked proinflammatory signals in vivo, and its effects are conserved in human neutrophils, supporting a potential role in treating human inflammation and providing compelling evidence of the translational potential of this screening strategy.
INTRODUCTION
Resolution of inflammation is an active and regulated process accompanying the elimination of infection and repair of damaged tissue, which is critical for the maintenance of tissue homeostasis. An essential step toward achieving successful inflammation resolution is the clearance of tissue neutrophils (1) . Neutrophils are highly evolved for host defense and destroy foreign pathogens through phagocytosis, degranulation, and the formation of reactive oxygen species and neutrophil extracellular traps (2) . These powerful effector functions must be limited to avoid persistent inflammation; this can be achieved by either the well-characterized process of neutrophil apoptosis or the more recently reported exit of neutrophils from inflammatory sites, best described as "reverse migration" (3) (4) (5) (6) .
Dysregulation of the mechanisms governing neutrophil clearance is associated with the pathogenesis of chronic inflammatory diseases (2) . Many such diseases, particularly those dominated by persistent neutrophilic inflammation such as chronic obstructive pulmonary disease, respond poorly to conventional treatments. Uncovering new mechanisms by which inflammation resolution can be therapeutically enhanced is key to developing more effective therapies for such conditions. Inflammation resolution can be accelerated by induction of neutrophil apoptosis, for example, by inhibition of cyclin-dependent kinases (7), but it is not yet clear how such an approach can be balanced against the essential host defense functions of the neutrophil.
Proresolution therapies are an attractive strategy with the potential to remove unwanted neutrophils while leaving host-protective functions intact. Current approaches replicating endogenous proresolution signals are showing promise as potential therapeutics (8) (9) (10) (11) . Drug discovery programs in this area are, however, impeded by a lack of understanding of the molecular events controlling inflammation resolution. Recent advances using zebrafish for in vivo chemical biology have shown how a phenotype-based approach can yield new drug candidates and drug targets without a detailed understanding of the underlying molecular mechanisms (12) (13) (14) . Inflammation resolution is an ideal physiological process for dissection using chemical biology approaches, and to this end, we developed an in vivo chemical genetic screen using our neutrophilspecific Tg(mpx:GFP)i114 zebrafish line (15) .
In this investigation, we build on our own pilot data, and that from others (16) (17) (18) , to describe a new semiautomated platform for highcontent drug discovery. This approach enables rapid and robust chemical genetic screening and, importantly, has led to the identification of a compound, tanshinone IIA, derived from a Chinese medicinal herb and having profound anti-inflammatory effects. We show that this compound accelerates inflammation resolution in the presence and absence of proinflammatory stimuli in both zebrafish and human systems by accelerating the parallel mechanisms of reverse migration and neutrophil apoptosis.
RESULTS
A zebrafish chemical genetic screen identifies accelerators of inflammation resolution We have previously described a preliminary, proof-of-principle compound screen (16) in which we identified 12 compounds that accelerated inflammation resolution by reducing neutrophil numbers without affecting preceding recruitment in our zebrafish tail fin injury model. Half of these compounds had known anti-inflammatory activity, demonstrating the potential of this unbiased screening approach. We optimized and partially automated our screening assay using the Phenosight HighContent Screening System (Ash Biotech), a custom-built imaging platform enabling rapid data acquisition and assessment of drug efficacy and toxicity. By injuring mpx:GFP larvae at 3 days post-fertilization (dpf), we induce a reproducible and robust inflammatory response, quantifiable by neutrophil number or by green fluorescence localized to the injury region, which can be tracked over time (Fig. 1A) . To focus our efforts on compounds influencing inflammation resolution and to minimize identification of generalized inhibitors of recruitment, we exposed injured larvae to compounds from 4 hours post-injury (hpi), a time point when high numbers of neutrophils have been recruited to the wound site, until 12 hpi when inflammation resolution is only partially complete in controls (15) . Larvae are imaged on the Phenosight High-Content Screening System, enabling identification of those larvae with less inflammation (Fig.  1A , lower panel), as described in Materials and Methods. We chose the Spectrum Collection of 2000 compounds because this included well-characterized U.S. Food and Drug Administration-approved drugs, natural products, and defined pathway inhibitors. Screening this library identified 21 reproducible positive hits (Fig. 1 , B and C), from which we selected the 9 most effective compounds for further study. The compounds selected were those that scored highest, that is, had the fewest neutrophils remaining at the wound compared with untreated controls by manual scoring and that did not appear to cause toxicity, as evidenced by death or morphological abnormality.
For each of the positive "hit" compounds, we studied their activity on neutrophil behavior in vivo in three assays. To test recruitment, we treated larvae immediately after tail fin injury and counted the number of neutrophils at the site of injury after 6 hours. To test for effects on inflammation resolution, we treated larvae from 6 to 12 hpi. We also performed a whole-body total neutrophil count in uninjured fish to control for developmental changes caused by drug treatment. To understand the effects of our compounds on inflammation resolution, we compared their activity in these assays to a panel of well-characterized compounds containing known inhibitors of key inflammatory signaling pathway components including phosphatidylinositol 3-kinase (PI3K), mitogen-activated protein kinase (MAPK), and phosphodiesterase 4 (PDE4) (19) (20) (21) (22) (23) (24) (25) . All of our hits significantly reduced neutrophil numbers in assays of inflammation resolution in a concentration-dependent manner ( fig. S1 ), and a subset of these also had some effect on neutrophil recruitment ( fig. S2 ). None of our lead compounds significantly altered total neutrophil numbers compared to the vehicle control ( fig. S3 ). To compare our compounds to the effects of known pathway inhibitors, we used hierarchical cluster analysis (Fig. 1D) . Most of our positive hits formed a group clustered together, distinct to the known inhibitors of inflammatory signaling pathways. These compounds demonstrated potent proresolution activity with only moderate effects on neutrophil recruitment. As anticipated, known anti-inflammatory compounds predominantly affected recruitment. Of particular interest, two of the compounds that we identified, tanshinone IIA and cryptotanshinone, shared close structural similarity (Fig. 1E ). These diterpine quinones are both natural extracts from Salvia miltiorrhiza, a Chinese medicinal herb traditionally used to treat cardiovascular disorders (26) . Tanshinone IIA is known to have anti-inflammatory activity and has protective effects against lipopolysaccharide (LPS)-induced lung injury in mammalian systems (27, 28) . However, there is little known about the mechanisms involved. We explored the activity of tanshinone IIA in our zebrafish model to determine whether it had any specific effects on neutrophilic inflammation.
Tanshinone IIA accelerates resolution of inflammation in vivo without significantly affecting neutrophil recruitment Tanshinone IIA is a powerful accelerator of inflammation resolution, significantly reducing neutrophil numbers at 12 hpi in a concentrationdependent manner ( Fig. 2A) . We observed no change in total neutrophil numbers in tanshinone IIA-treated larvae, suggesting that the compound acts specifically on activated neutrophils participating in the inflammatory response to drive resolution in acute inflammation (Fig. 2B ). We found a small increase in neutrophil apoptosis at the site of tissue injury (Fig. 2 , C to E), indicating that this mechanism may partly explain the proresolution activity of tanshinone IIA. We also explored the effects of tanshinone IIA on the initial phase of inflammation. At 6 hpi, tanshinone IIA did not significantly reduce the number of neutrophils recruited to the site of injury, although there was a trend toward fewer neutrophils at the wound at the highest concentrations tested (Fig. 3A) . To further examine the effect of tanshinone IIA on specific aspects of neutrophil migratory behavior, we tracked neutrophils for the first hour after tail fin transection in mpx:GFP larvae pretreated with either tanshinone IIA or dimethyl sulfoxide (DMSO) for 2 hours. Analysis revealed no differences in neutrophil speed (distance traveled per second), displacement (linear distance between the start and end of a neutrophil track), or meandering index (total path length divided by displacement) (29) in tanshinone IIA-treated larvae compared to the DMSO vehicle control (Fig. 3 , B to D). Neutrophil bearing (angle of movement toward the wound) also remained unchanged, which suggested that the cells remained able to respond to the chemotactic gradient in the presence of tanshinone IIA.
Tanshinone IIA overrides human neutrophil survival signals Neutrophil survival signals are thought to be a major mechanism driving prolongation of inflammation in pathological settings (30, 31) . The acceleration of inflammation resolution observed in the zebrafish model is consistent with a role for tanshinone IIA in overriding survival signaling, allowing neutrophil apoptosis to proceed. To test this hypothesis directly, while simultaneously extending our findings into a human system, we tested the effect of tanshinone IIA on freshly isolated human neutrophils. Tanshinone IIA caused a significant increase in apoptosis after 8 hours in culture, when assessed by both morphology ( Fig. 4A ) and annexin V/propidium iodide (PI) staining (Fig. 4B) .
With the addition of either granulocyte-macrophage colony-stimulating factor (GM-CSF) or dimethyloxalylglycine (DMOG), stimuli that promote neutrophil longevity (30, 32) , there was a complete loss of stimulusinduced neutrophil survival in the presence of tanshinone IIA (Fig. 4 , C and D). The closely related molecule cryptotanshinone was also found to accelerate human neutrophil apoptosis and override GM-CSF-induced neutrophil survival ( fig. S4 ). These data support the potential of tanshinone IIA as a therapeutic for human inflammatory disease.
Tanshinone IIA accelerates inflammation resolution in vivo via an unsuspected mechanism As has been shown in a range of in vivo models (16, 29) , visible examples of neutrophil apoptosis during inflammation resolution were scarce in our zebrafish model. Although this could relate to the short halflife of apoptotic neutrophils within inflamed tissues where patrolling macrophages rapidly phagocytose such cells (33), we speculated that the profound proresolution effect of tanshinone IIA might be mediated via an additional effect on reverse migration. Reverse migration of neutrophils away from sites of injury has been observed in zebrafish by a number of research groups (4, 29, 34, 35) , and related phenomena have also been reported to occur in mammalian systems (3, 6, 36) . To assay for reverse migration specifically of neutrophils, we generated a new transgenic line where a bacterial artificial chromosome (BAC) was targeted with Gal4-VP16. This line recapitulates expression of our existing mpx:GFP line and expresses Kaede specifically in neutrophils when crossed to the UAS:Kaede line. Using mpx/Kaede double transgenic larvae from this new line, we initiated the inflammatory response as before and then allowed inflammation to proceed. At 6 hpi, we photoconverted neutrophils at the injury site ( Fig. 5A ) and followed their behavior during the resolution phase of the inflammatory response, measuring the numbers of neutrophils that migrated away from the site of injury over time, as previously described (29) . Strikingly, we found that neutrophils in tanshinone IIA-treated larvae moved away from the site of injury more quickly than did cells in DMSO control larvae (Fig. 5, A and B) . We also found that tanshinone IIA accelerated inflammation resolution, even in the presence of activated hypoxia-inducible factor (Hif) signaling, which we have previously shown to delay inflammation resolution ( fig. S5 ) (29) . Similar to our earlier experiments, tanshinone IIA reduced neutrophil numbers at the wound at 12 hpi in larvae injected with dominant-active hif-1ab RNA (Fig. 5C ), by an increase in neutrophil reverse migration (Fig. 5D ). These data indicate that tanshinone IIA can override proinflammatory signaling pathways during inflammation resolution in vivo.
Our results suggest that tanshinone IIA exerts its predominant proresolution effect in vivo by accelerating the endogenous reverse migratory behavior of neutrophils, thus promoting neutrophil clearance from the wound. This appears to require a complex tissue environment because currently available in vitro models of human neutrophil reverse transmigration through endothelial monolayers (3, 37) do not show enhanced reverse migration with tanshinone IIA (fig. S6 ). In addition, tanshinone IIA did not affect cytokine release from stimulated monocytes in vitro ( fig. S7 ), suggesting that it is most likely that tanshinone IIA directly regulates the neutrophil, rather than altering the function of an intermediate cell type. We have shown that it is possible to drive inflammation resolution by pharmacologically enhancing neutrophil reverse migration, and this, in combination with the apoptosisinducing properties of tanshinone IIA, appears to account for its highly significant proresolution activity in our assays.
Tanshinone IIA does not establish a fugetactic signal to drive inflammation resolution In zebrafish, migration of neutrophils away from wounds was initially described as "retrograde chemotaxis," in which neutrophils migrated back into the vasculature in an active, or directed, manner (4, 35) . More recently, computational modeling of the migration dynamics of neutrophils undergoing reverse migration after tail fin transection has suggested that this process may be more accurately described as a process of nondirectional redistribution, whereby neutrophils redistribute in tissues as a consequence of essentially random motion (38, 39) . We use the term reverse migration here because this simply describes our observation and does not convey a mechanistic explanation. Two distinct mechanisms might explain the ability of tanshinone IIA to drive inflammation resolution by reverse migration in vivo: Either tanshinone IIA causes an acceleration of nondirectional redistribution of neutrophils by altering response to existing gradients, or it acts by establishing a fugetactic gradient that repels neutrophils from the wound. To determine which explanation is most likely, we applied two previously described analytical approaches. First, we considered the mean squared distance of photoconverted neutrophils from the wound (38) (Fig. 6A) . When plotted against time, mean squared distance of photoconverted neutrophils from the wound has a linear relationship to time. This is true in the case of both tanshinone IIA and the DMSO control, suggesting that the migration occurs in a random manner without any fugetactic drift. However, with the addition of tanshinone IIA, the fitted linear model has a steeper gradient, indicating that the process of reverse migration is accelerated.
To confirm these findings, a second approach (39), which uses approximate Bayesian computation (40) , was applied to predict the best model from a diffusion-only model (nondirectional redistribution) versus a drift diffusion model (fugetaxis). In the vast majority of simulations, the effect of tanshinone IIA was best described by nondirectional redistribution (Fig. 6, B to E) , with the diffusivity of neutrophils about double that in the control larvae (Fig. 6C) . Diffusivity is a measure of how quickly randomly (A to D) Isolated human neutrophils were incubated with DMSO or tanshinone IIA (TIIA) at the dose indicated for 8 hours at 37°C. For each condition, percentage neutrophil apoptosis was calculated from assessment of duplicate cytospins on the basis of nuclear morphology. Untreated neutrophils (UT) and neutrophils treated with DMSO as a vehicle control were used as controls to compare the effects of tanshinone IIA on apoptosis of (A) unstimulated neutrophils (one-way ANOVA with Dunnett's multiple comparison posttest, P < 0.05; n = 4) and neutrophils incubated with (+) or without (−) (C) GM-CSF (0.01 mg/ml) or (D) 100 mM DMOG (one-way ANOVA with Bonferroni's multiple comparison post-test, P < 0.001; n = 3). Neutrophil apoptosis was also assessed by flow cytometry after annexin V/PI labeling (B). Samples were run in duplicate, and 10,000 events were captured within the neutrophil gate each time. Lighter bars (on the left of each condition) represent annexin V-positive/PI-negative neutrophils, and darker bars (on the right) represent annexin V-positive/PI-positive neutrophils (one-way ANOVA with Dunnett's multiple comparison post-test, P < 0.05; n = 3). In all graphs, error bars represent SEM. moving cells will disperse away from each other if they are initially grouped together, which is related to both the speed at which they move and the direction of their migration paths. The increase in diffusivity caused by tanshinone IIA reflects the difference observed in Fig. 6A . We found that this increase in diffusivity was not simply due to increased neutrophil speed in the presence of tanshinone IIA, because when individual neutrophil tracks were analyzed, there were no differences between neutrophils from tanshinone IIA-or DMSO-treated larvae (Fig. 6, F and G) .
DISCUSSION
A rapid and simple in vivo system for testing the ability of drugs and other chemical entities to drive inflammation resolution has a number of advantages over alternative approaches. A model with a fully functioning immune system enables the identification of mechanisms involving the interactions of different cell types and can be used to reveal unanticipated counterregulatory effects, which could not be identified in vitro. In addition, by administering the drug to an established inflammatory lesion, it is possible to dissect the effects of compounds on neutrophil recruitment from those on resolution, to identify specific proresolution agents.
As proof of principle, we show how tanshinone IIA was identified and functionally characterized as a proresolution molecule. This compound acts on both zebrafish and human neutrophils to increase levels of apoptosis. Moreover, it can promote reverse migration of neutrophils, uncovering a potential therapeutic mechanism to drive inflammation resolution. We have previously shown that an increase in hypoxic signaling, via stabilization of Hif-1a, can modulate reverse migration by retaining neutrophils at inflammatory sites (29) . Tanshinone IIA has the opposing effect and can overcome the effect of Hif-1a stabilization to promote reverse migration. Other pharmacological drivers of inflammation resolution are also reported to override neutrophil survival factors (41) , and this activity may be important for novel proresolution therapeutics.
Tanshinone IIA is effective in a number of models of inflammation (27, 42) including LPS-induced lung injury in the mouse (28) . These effects have not been attributed to actions on a single cell type but are suggested to be dependent on inhibition of nuclear factor kB (NF-kB). This is supported by evidence from in vitro systems where the downstream effects of this inhibition have been illustrated by reduced expression of adhesion molecules and reduced production of nitric oxide and prostaglandins in macrophage cell lines (43) (44) (45) . Tanshinones have also been implicated in the inhibition of other transcription factors such as activating protein 1 (AP-1) and signal transducer and activator of transcription 1 (STAT1) (46, 47) . We have not yet identified the molecular events downstream of tanshinone IIA treatment in neutrophils and how these might regulate reverse migration.
The current study has a number of limitations. Although we have partially automated our assay, tail fin injury still requires a significant manual intervention, which limits throughput. Efficacious compounds may be missed because of inefficient larval penetration, although this may be balanced by the increased value of positive hits identified in this way. Finally, we would like to demonstrate therapeutic modulation of neutrophil reverse migration in man with tanshinone IIA, but this is currently not possible with existing experimental approaches.
The best-described mechanism by which neutrophils are removed from sites of inflammation is apoptosis, a controlled process that prevents excessive release of proinflammatory and histotoxic neutrophil At the one-cell stage, mpx:GFP embryos were injected with 100 ng of dominant-active hif-1ab RNA. At 2 dpf, larvae were injured and treated with either DMSO or 25 mM tanshinone IIA at 6 hpi, and neutrophil numbers at the wound were counted at 12 hpi (one-way ANOVA with Dunnett's multiple comparison post-test, **P < 0.01 and ***P < 0.001; n = 18, performed as three independent experiments). (D) As described for (A) and (B), reverse migration assays were performed at 2 dpf in mpx/Kaede larvae injected with 100 ng of dominant-active hif-1ab RNA at the one-cell stage (n = 18, performed as three independent experiments). In all graphs, data are means ± SEM.
contents (1, 2) and modulates the inflammatory potential of phagocytic macrophages (2) . The biochemical pathways affecting neutrophil life span, particularly those activated by endogenous survival signals such as GM-CSF (30) and hypoxia (32), though complex, are reasonably well understood, and pharmacological inhibition of downstream signaling pathways has yielded some therapeutic benefit in mammalian systems (2, 48) . Proresolution strategies targeting apoptosis have shown great promise, by targeting either cyclin-dependent kinases or, more recently, serum-and glucocorticoid-regulated kinase (SGK) (41, 49) . We have now identified another pharmacological modulator of neutrophil survival, tanshinone IIA, which has the additional effect of accelerating reverse migration-likely to be the main mechanism of inflammation resolution in this system. Potential interaction of tanshinone IIA with endogenous regulators of inflammation resolution is an interesting question for future research.
A number of lines of evidence now suggest that viable neutrophils can leave sites of inflammation, including by reverse migration. Studies in human neutrophils revealed that reverse transmigrated neutrophils display a unique cell surface receptor phenotype with elevated expression of CD11b and ICAM-1 and reduced expression of CXCR1 (3). A similar phenomenon, termed retrotaxis, has more recently been described, in which human neutrophils migrate away from chemotactic gradients in microfluidic systems (50) . In mice, neutrophils have been reported to undergo reverse transendothelial migration more frequently after genetic or pharmacological inhibition of the junctional adhesion molecule JAM-C, and these neutrophils also have distinctive elevated expression of ICAM-1 (6). The proinflammatory potential of these cells is in contrast to the proresolution effects of tanshinone IIA, and this difference will require resolution in future studies. Reverse migration can be visualized more readily and in real time using transparent zebrafish larvae in which large numbers of fluorescently labeled neutrophils are observed to leave a wound site (4, 29, 34, 35) , making this an ideal model organism in which to illuminate the mechanisms involved. Here, we provide evidence to show that reverse migration can be pharmacologically promoted to drive inflammation resolution in vivo. The relative importance of reverse migration versus neutrophil apoptosis during inflammation resolution in humans remains to be determined. Our data indicate that both processes are targeted by tanshinone IIA, broadening the appeal of this compound as a potential therapeutic.
Our data strongly suggest that reverse migration is a process of nondirectional redistribution rather than directed fugetaxis (38, 39) . The data presented here suggest that tanshinone IIA accelerates the loss of sensitivity of neutrophils to their chemotactic environment rather than driving neutrophils away from inflammatory sites by directed programs of migration. The large increase in diffusivity of tanshinone IIA-activated neutrophils, combined with lack of active drift away from the wound, suggests that tanshinone IIA acts to accelerate the loss of sensitivity to the neutrophils' chemotactic environment. This process is entirely different from a ligand-based fugetaxis mechanism, suggesting that future studies must look for internal mechanisms within the neutrophil for the defining events in inflammation resolution. This result also underlines the value of stochastic computational modeling of cell migration in aiding understanding of the underlying biological mechanisms.
These studies establish the value of tanshinone IIA in inhibiting survival signals in human neutrophils. Furthermore, the safety and efficacy of tanshinone IIA in rodent models have been previously established, and there is clinical experience of the molecule in its unprocessed form in humans. Experimental medicine studies in humans will now be necessary as a prelude to a larger-scale clinical trial.
In summary, this study demonstrates the utility of zebrafish models for chemical screens for activity specifically in the proresolution . Tanshinone IIA promotes neutrophil reverse migration by nondirectional redistribution rather than active fugetaxis. (A to E) Data analysis was performed as described (38, 39) , using the data presented in Fig. 5B (n = 24, performed as four independent experiments). (A) The coordinates of each neutrophil centroid were identified in Volocity and used to calculate the mean squared distance from the wound over time in larvae treated with DMSO or 25 mM tanshinone IIA. Data represent about 25 neutrophils from each larva (total of about 600 neutrophils per condition). (B to E) Simulation-based approximate Bayesian computation-sequential Monte Carlo (ABC-SMC) modeling (39) was applied to analyze neutrophil reverse migration and select the best candidate model from either pure diffusion (model 1) or drift diffusion (model 2). (F and G) Neutrophil tracks were analyzed with Volocity to measure the (F) neutrophil speed and (G) meandering index of reverse migrating neutrophils (unpaired t test, P = 0.8196 for speed and P = 0.7244 for meandering index; n = 18, performed as three independent experiments; data are means from each larva ± SEM).
phase of inflammation and describes the functional characterization of a key hit from a compound library screen. This approach has illustrated its value by uncovering a compound that offers both potential therapeutic utility and novel insights into the biology of inflammation resolution.
MATERIALS AND METHODS

Study design
The initial objective of our study was to identify novel accelerators of inflammation resolution via an unbiased chemical screening approach. Using Tg(mpx:GFP)i114 zebrafish larvae as an in vivo model, we investigated the effect of screening compounds on neutrophil numbers during the resolution phase of inflammation. Larvae were injured at 3 dpf by complete transection of the caudal fin with a microscalpel. Because of their inherent natural variability, a proportion of larvae recruit very few neutrophils to the site of injury. Therefore, to minimize the detection of false positives, we selected larvae that recruited high numbers of neutrophils to the wound by 4 hpi. Larvae from this group were then randomly dispensed into wells containing screening compounds, at a density of three larvae per well. Larvae were incubated with compounds until 12 hpi, a time point at which neutrophil numbers remain relatively high in negative control larvae and compounds causing accelerated resolution can be reliably identified (16) . For the primary screen, each compound was tested on two independent occasions (six larvae in total). Larvae were imaged for analysis by manual scoring, and a mean score of 1.5 was used as the threshold for positive hit selection. Positive hits from the primary screen were retested on four independent occasions (12 larvae in total). In all cases, control wells were blinded, and the identity of the screening compounds was unknown until after analysis was performed.
Reagents
Drug screening was performed on the Spectrum Collection (2010 version; MicroSource Discovery Systems). All compounds were dissolved in DMSO, such that 1% DMSO was used as a negative control (SigmaAldrich). Reagents used as positive controls were an inhibitor of SGK, GSK650394 (Tocris Bioscience), at 10 mM and the c-Jun N-terminal kinase inhibitor SP600125 (Sigma-Aldrich) at 30 mM. The panel of known anti-inflammatory compounds was obtained from GlaxoSmithKline. Tanshinone IIA and cryptotanshinone were obtained from SigmaAldrich, DMOG was from Enzo Life Sciences, and GM-CSF was from PeproTech.
Zebrafish husbandry and assays
Zebrafish were raised and maintained according to standard protocols (51) in UK Home Office-approved aquaria in the Medical Research Council (MRC) Centre for Developmental and Biomedical Genetics at the University of Sheffield. The neutrophil-specific zebrafish line Tg(mpx:GFP)i114, referred to as mpx:GFP, was used for all drug screening, inflammation assays, and neutrophil tracking assays at 3 dpf as previously described (29) . For resolution assays, larvae that recruited high numbers of neutrophils to the wound (about 30 cells) were selected for compound treatment at 6 hpi, and neutrophil counts were performed at 12 hpi. In all inflammation assays, tail fins were transected at the region indicated in Fig. 1A , and neutrophils in the region posterior to the circulatory loop were counted at the appropriate time point. Compounds were used at the doses indicated in each figure. To assess total neutrophil number, uninjured larvae were incubated with compounds for 24 hours, mounted in 1% low-melting point agarose (Sigma-Aldrich), and imaged on an Eclipse TE2000-U inverted compound fluorescence microscope (Nikon) at ×2 magnification. Total neutrophil numbers were quantified with ImageJ.
Drug screening was performed with the Phenosight High-Content Screening System (Ash Biotech). Larvae that recruited high numbers of neutrophils to the wound by 4 hpi (about 25 to 30 cells) were selected and arrayed into 96-well plates containing compounds from the Spectrum Collection at 25 mM. Compounds were tested alongside untreated controls, 1% DMSO vehicle controls, and either 10 mM GSK650394 or 30 mM SP600125 as a positive control. At 12 hpi, plates were scanned on the Phenosight High-Content plate reader. Images generated were analyzed by manual scoring, in which each well containing three larvae was assigned a score between 0 and 3, corresponding to the number of larvae within the well with a reduced number of neutrophils at the site of injury compared to the vehicle control. Neutrophil apoptosis was measured in paraformaldehyde-fixed larvae after TSA staining (TSA Plus, PerkinElmer) to label neutrophil myeloperoxidase with green fluorescent protein (GFP), along with ApopTag Red In Situ Apoptosis Detection Kit (TUNEL) (Millipore Corp.) to label apoptotic cells, as previously described (29) . The total neutrophil number at the wound (TSA-positive) and number of apoptotic neutrophils (dual TSA/TUNELpositive) were quantified with Volocity to calculate the percentage of neutrophil apoptosis. Reverse migration assays were performed following established methods (29, 39) , with Tg(mpx:Gal4);Tg(UAS:Kaede)i222 larvae, referred to as mpx/Kaede.
Overexpression of dominant-active hif-1ab RNA The dominant-active form of hif-1ab was generated as described previously (29) . RNA was transcribed (mMESSAGE mMACHINE, Ambion, Invitrogen) and injected into mpx/Kaede embryos at the one-cell stage, with established methods (51) . Reverse migration experiments were performed at 2 dpf as described (29) .
Human neutrophil apoptosis assays
Peripheral blood neutrophils were purified as described previously (52) , in accordance with the South Sheffield Research Ethics Committee (reference number: STH13927). Neutrophils were cultured for 8 hours, with DMSO control or tanshinone IIA at the dose indicated, and 100 mM DMOG or GM-CSF (0.01 mg/ml), as indicated. Rates of neutrophil apoptosis based on morphology were counted blindly on cytospins stained with Quick-Diff (Gentaur). For each condition, two cytospins were acquired with a cytocentrifuge at 2000 rpm for 2 min. After fixing with 100% MeOH, cytospins were stained with Reastain Quick-Diff (Gentaur). With an upright microscope (Zeiss) at ×100 magnification, neutrophils were allocated as either apoptotic or nonapoptotic based on morphology. A total of 600 neutrophils were counted per condition (300 per cytospin) to calculate percentage neutrophil apoptosis. To assess neutrophil apoptosis by flow cytometry, neutrophils were cultured as described for morphology assays and then centrifuged at 3000 rpm for 3 min. Neutrophil pellets were resuspended in annexin V binding buffer and stained with Alexa Fluor 647 annexin V, followed by PI solution (BD Biosciences). Samples were run in duplicate on a FACSArray flow cytometer, and 10,000 events were captured within the neutrophil gate each time. Percentages of annexin V-and PI-positive neutrophils were analyzed with FlowJo.
Mathematical modeling of inflammation resolution data
Modeling was applied to the data presented in Fig. 5A , which represents about 25 neutrophils from each larva (total of about 600 neutrophils per condition). The coordinates of each neutrophil were identified with Volocity and the distance from the wound squared to calculate the mean squared distance at each time point, as described (38) . A simulation-based ABC-SMC approach was used for estimation and comparison between pure diffusion and drift diffusion models, as described in (39, 40) . At the first iteration, a population of models was chosen at random from the two possible models. For each chosen model, diffusivity and drift parameters were selected from a previous range of plausible values. The model was then simulated to yield observations that could be compared to the experimental observations, and the difference between these observation sets was calculated. If the difference was less than a chosen threshold, then the model was kept as a sample from the posterior distribution. Subsequent iterations chose model and parameter sets from those accepted in the previous iteration subject to small perturbations, and the error threshold was reduced. By the end of the process, only model/parameter samples that gave an output close to the experimental observations remained.
Statistical analysis
Throughout figures, data shown are means ± SEM of all data points from individual animals. Data were analyzed with unpaired, two-tailed t tests for comparisons between two groups and one-way ANOVA (with appropriate post-test adjustment) for other data (Prism 5.0; GraphPad Software). Hierarchical cluster analysis was performed on normalized data with Cluster 3.0 (developed by M. de Hoon), with Pearson uncentered correlation and an average linkage clustering method. Results generated are displayed with Java TreeView (developed by A. Saldanha). Both programs were downloaded from http://www.eisenlab.org/eisen/ ?page_id=42. Recruitment and resolution assay data were normalized by expressing as a percentage of the effect of the positive control SP600125, and total neutrophil number assay data were expressed as the percentage change from the DMSO control.
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